VEGF-induced angiogenesis as an alternate method of revascularization for chronic myocardial ischemia: Improved perfusion and vascular reactivity  by Sellke, Frank W. et al.
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• Hypothennic  Ityperkaleraic Cardioplegic Arrest 
Causes a Prolonged Increase in Intracellulsr Free 
CaLcium and Is Associated With Myooyte 
ContraoUle Dysfunction Fol lowing Reperfusion 
Robert B. Hintun, Latha Hebbar, Jennifer D. Walker, Rupak Mukherjee, B, 
Hugh Dorman, Raymond C. Roy, Fred A. Crawford, Francis G. ,%)inale. 
Medical University of South Carolina, Charleston SC 
Hypethennic hyperkaiernic ardioplegic an'cst (HHCA) is a commonly used 
technique of cardiac surgery. However, left ventricular (LV) pump dysfunction 
can occur following reperfusion and rewarming, the cellular basis for which 
remains unclear. We hypothesized that the prolonged membrane depolar- 
ization due to HHCA causes increased myccyte intracellular free calcium 
([Ca 2+]i), which is associated with alterations in contractile performance. Ac- 
ccrdingly, time dependent changes in [Ca2+]l were measured in porcine LV 
myocytas (n = 30) using calcium flourescence. Measurements were sequen- 
tially recorded in the same myocyte: during Normotherrnia (cell media, 15 
rain, 37 ~ C), HHCA (crystalloid cardioplegia, 60 rain, 12 ~ C, 24 mEq K+), 
and subsequent Repeffusion (cell media, 15 rain, 37 ~ C). In light of the fact 
that HHCA caused increased [Ca:~+], we next examined myocyte shortening 
velocity at Normethermia (n = 268) and following HHCA and Rapedusion 
(n = 231) using video microscopy. Myccyte contractility following HHCA and 
Reperfuston was decreased compared to Normethermia (66,6 4- 2.1 vs. 33.6 
4-1.2, pm/s, p < 0.05). 
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Summary: This study demonstrated for the first time that HHCA causes a 
prolonged elevation in myocyte [Ca2+]~ which is associated with contractile 
dysfunction following reperfusion. Thus, fundamental mechanisms contribut- 
ing to the transient LV pump dysfunction following HHCA include alterations 
in calcium homeostasis and myocyte contractile dysfunction. 
~ Ischemicatly Preconditioned Myocardium Is 
Vulnerable to Reperfusion Induced Injury 
Romas J. Kirvaitis, Irvin B. Krukenkamp, Ban-An Khaw, Paul G. Bums, 
Glenn R. Gaudette, Artiom Petrov, Aaron Gaidfaden, Joshua Schulman, 
Sidney Levitsy. New England Deaconess Hospital, Harvard Medical School, 
Boston, MA 
To adjudicate whether an impaired subpopolation of cells exists in precon- 
ditioned (PC) myocardium that may progress to irreversible injury dudng 
reparfusion, 36 adult sheep were evaluated at the end of 60 min of 37 g C re- 
gional ischemia (diagonal occlusion) and after 00 and 180 rain of repertusion. 
Animals were randomized to PC (3-5 min diag occlusion) or control. Area 
at dsk (AR) was delineated by monashyl blue p!gment. Infarct size (IS) was 
determined by tetrazolium staining after 180 minutes of reparfusion. All other 
groups received an intracoronary injection of 1111nCI3-1abeled antimyosin an- 
tibody and underwent gamma imaging for infact delineation. LV to body and 
AR to LV weight ratios were constant. IS to AR ratios are tabulated: 
Reperfusion: None 90 rain 180 rain 
Precendilioned 11 4- 7%,,#,t 21 ~: 7%' 25 ~ 4%* 
Control 46:1:19% 51:1:17% 524-10% 
Data: Mean 4- SD, *p < 0.05 vs, control, #p < 0.03 vs, PO-90 rain, tp < 0.003 vs, pc-180 
mln; Stats: ANOVA, post hoc Tukey. 
In contrast o the controls, infarct size significantly increased dudng reper- 
fusion in preconditioned animals, This model suggests that preconditioning 
does notafford complete protection against reparfusion injury and opens the 
possibility of further therapeutic intervention to slgnificantly limit infarct size 
progression. 
~"6~ Does Coronary Artery Bypass  Surgery Cause 
Native Vessel Occ lus ion? 
David Hair, Addan Antonescu, Tetsuo Ishimod, T. Anthony Don Michael. 
Central Cardiology Medical Clinic, Bakersfield, CA; University of California, 
Los Angeles, CA 
Previous observations have indicated increased progression of atheroscle- 
rosis in native bypassed coronary arteries. Consequently, we studied 119 
artefles in 48 patients who had undergone bypass surgery and had second 
cardiac catheterizations for progression in 3 subsets with comparable times 
to progression. Artedas were divided into three groups: A) Nonbybaased na- 
tive vessels; B) Moderately occluded (50-75%) bypassed arteries proximal 
to graft; C) Severely occluded (75-99%) bypassed artedas proximal to graft; 
D) Artedes distal to a graft. Comparable groups to A of nonbypassed vessels 
and to B and C of bypassed vessels were unavailable. Changes observed 
were classified into: 1) No change; 2) 50-75%; 3) 75-99% 4) 100% occlu- 
sion. In group D no major changes were seen. The mean age was 69.5 male 
and 68,1 female with 32 males and 16 females. 
A(N=34) BN =26) C(N=59) 
1 61.7% ('nine = 61.7 months) 26.9% (40.4) 28.8% (63.1) 
2 23.5% (63.9) 3.8% (12.0) 0.0% 
3 11.7% (75.3) 42.3% (63.6) 8.5% (60.8) 
4 2.9% (66.0) 26.9% (59.3) 62.7% (64.3) 
Conclusions: 1) Native vessels (B, C) proximal to bypass grafts show 
significant disease progression, as compared with the changes seen in the 
same vessels distal to the graft. 2) Nonbypaased arteries showed much less 
progression of disease. 3) Changes in native bypassed artedes may have 
potential therapeutic implications, 
~-" ]  Blood Pressure Response During Bypass Surgery 
in Patients Taking ACE Inhibitors 
Carolyn M. Beale, Richard Underwood, J. Graeme Bennett, John Pepper, 
Christopher Lincoln, Peter Collins. National Heart & Lung Institute, Imperial 
College of Science, Technology and Medicine, and Royal Brompton 
Hospital, London, UK 
Datasheets warn that patients on ACE-inhibitors (ACE-I) may suffer hy- 
potension during surgery and anesthesia due to inhibition of angiotensin II 
production. This study investigated the response of systemic blood pressure 
(BP) to anesthesia nd surgery in patients taking an ACE-I (quinapdl (Q) 20 
mg once daily) prior to CABG surgery. Sixty-five patients were randomized 
to receive Q or placebo for up to 6 weeks pdor to surgery, in addition to ex- 
isting antianginal therapy. Artedai blood pressure was monitored constantly 
throughout and following surgery. For analysis we documented the first 4 BP 
after induction of anesthesia (baseline), first 4 BP immediately after cessation 
of bypass (post-bypass), and first 4 houdy BP in ITU. The 4 recordings at 
e~ch stage were then averaged (Table). Thirty patients received Q and 35 
patients received placebo. The ischemic time was the same in both groups 
(mean = 56 rain). 
Qulnapdl Placebo 
systolic diastolic moan systolic diastolic mean 
Baseline 110 68 79 112 70 79 
Post-op 85 50 64 88 53 67 
tTU 110 = 60 77* 120 64 82 
*P < 0.05 
There was no difference in BP between O and placebo at baseline or im- 
mediately after bypass. However there was a significant difference between 
groups in systolic and mean BP in ITU (*, P < 0.05). Therefore O does 
not cause hypotsnsion during cardiac anesthesia and surgery, it maintains 
a lower BP in the immediate post-operative hours but does not result in the 
requirement of extra inotropic support. 
~ VEGF-Induced Angiogenes is  as an Alternate 
Method of Revascular izat ion for  Chronic 
Myocardial Ischemla: Improved Perfusion and 
Vascular Reactivity 
Frank W. Sailke, Steven Y. Wang, Kazumasa Harada, John J. Lopez, 
Michael Simons. Beth Israel Hospital, Boston MA 
Endothelium-dependent vascular relaxation and parfusion are impaired in 
the collateral-dependent myocardium. To examine the effects of the angio- 
genic agent vascular endothelial growth factor (VEGF) on these alterations, 
ameroid constrictors were placed on the proximal circumflex (LCx) core- 
nary artery of pigs. In 6 animals, VEGF was administered extraluminally to 
the proximal LCx with an implanted slow-infusion pump. Controls (n = 6) 
were administered vehicle only. After 6-8 weeks the LCx was occluded in 
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all pigs. Myocardial perfusion in the normally-perfused LAD and collateral- 
perfused LCx regions were determined with colored mlcrospherus. Coronary 
micrevassals were etudied in vitro with video-microscopy. Responses = % 
relaxation of acetylcholine-induced contraction. 
Group AOP (10/~M) PlnacidJl (10 #M) SNP (10/~M) 
LAD-control 70 ± 3* 83 ± 1 73 ± 4 
LCx-¢ontml 46±4 82±4 76±3 
LAD-VEGF 77±7" 84±4 82±6 
LCx-VEGF 75 ± 3* 92 ± 4 70 ± 5 
*p < 0.05 vs LCx-conlrol. 
Relaxations to pinacidil (K + ATP channel opener) and nitroprusside (SNP) 
were similar in all groups. Endethellum-depandent relaxation to ADP was 
impetred by collateral-dependent perfusion. These responses were signifi- 
cantly preserved with VEGF treatment. LCx/LAD blood flow ratio at rest was 
similar in the VEGF (1.10) and control (1.15) groups, but dudng atrial pacing, 
perfusion was improved in the VEGF-treated animals (1.50) compamcl with 
control pigs (0.98, p < 0.01 vs VEGF). The improved vascular function and 
pertusion associated with VEGF treatment may have implications regard- 
ing the management of patients with severe coronary disease who are not 
candidates for conventional methods of revasculadzetion. 
Tetralogy Etiology, Management, of  Fagot: 
and Follow-Up 
Monday, March 25, 1996, Noon-2:00 p.m. 
Orange County Convention Center, Hall E 
Presentation Hour: Noon-1:00 p.m. 
~ Tetralogy of Fagot With and Without Pulmonary 
Atresia: Different Prevalence of Genetic 
Syndromes 
Mada C. Digilio, Bruno Madno, Sabtna Grazioli, Rite Mingarelli, 
Giuseppe Noveili, Aldo Giannofti, Bruno Dallapiccola. Card/o/ogy and 
Genetics, Bambino Ges~ Hospital, Rome, and Tor Vergata University, 
Rome, italy 
Tetralogy of Fallet (TF) with or without pulmonary atresia (PA) is a conotruncal 
heart defect occurring as isolated malformation or in association with noncar- 
diac anomalies. In order to evaluate the prevalence of genetic syndromes, 
168 consecutive children with TF underwent phenotypio, cardiolngical and 
genetic evaluation. Southern hybddization with HD7k probe and fluorescent 
in situ hybridization with Scll .1 probe for detectlan of 22qll deletion (Dal22) 
were performed. Clinical and molecular esults obtained in 22 patients with 
TF and PA have been compared with those found in 146 patients with classic 
TF. Tk~:~ prevalence of genetic syndromes among patients with TF and PA 
(14/22 = 640/0) was significantly higher (p < 0.01) in compedson with that 
found in patients with dassic TF (45/146: 31%). A clinical diagnosis of DiGe- 
orge, velocardiofacial or CHARGE syndromes was roached in 12/22 (54%) 
of patients with TF and PA and in 171146 (12%) with TF (p < 0.001). Also 
the detection of Dei22 was significantly different (p < 0.01) in the two groups 
(7/22 = 32% versus 91146 = 6%). In conclusion, patients with TF and PA are 
at particular isk for genetic syndromes, especially branchial arch syndromes 
related to De122. An accurate phenotyplc and genetic evaluation is needed 
in these patients. 
~ Isolated Conotruncal  Heart Defects Are Really 
Related to  Mlcrodelet ion of  Chromosome 22q117. 
Mada C. Digilio, Bruno Madno, Ri~ Mingarelli, Giuseppa Novelli, 
Francesca Amati, Aldo Mad, Aide Giannotti, Bruno Dallaplccola. Card/ology 
and Genetics, Bambino Gesh Hospital, Rome, and Dept. Cell. Biology, Tor 
Vergata Universi~ Rome, Italy 
Cytogenetic and molecular studies have documented a strong association 
between deletion of chromosome 22qll (De122) and conotruncal heart de- 
fects (CTHDs) in the setting of DiGeorge (DG) and Valocardiofacial (VCF) 
syndromes. De122 has been reported also in a high proportion (15-30=/=) 
of children with isolated non-syndromic CTHD. In order to investigate the 
effective prevalence of Da122, we screened 183 patients with strictly isolated 
CTHD. Children with classic or subtle phenotyplc anomalies, abnormal fa- 
eias, thymic defects, cleft palate and hypocatcemla were excluded from this 
study. Tetralogy of Failer was present in 100 patients, transposition (TGA) 
in 42, congenitally corrected TGA in 14, pulmonary atresia with ventdcular 
septel defect in 10, double outlet fight ventricle in 6, asplenia in 6, truncus in 
5. Testing included 5outhem hybddization with probe HDTk and in situ hy- 
bridization (FISH) with probe Sa11.1. Dei22 was detected in only one patient 
with TGA (11183 = 0.5%). In contrast with previous reports, the prevalence of 
Dei22 is very low in non-syndromic hildren with strictly isolated CTHD. An 
accurate phenotypic analysis and clinical follow up may select the patients 
with CTHD at substantial risk for Da122. 
_l_)et..erminants of  Long-Tenn Survival  in Tetralogy of  
Pallot: 36 Years Pollow-up in 447 Rrs t  Year 
Survivors After Repair 
Gesrg Nollert, Teddy Fisohlein, Eckart Kmuzer. Armin Welz, Heindch Netz, 
Wemer Klinner. Bruno Reichart University of Munich, Germany 
We investigated ultra-long.term survival after surgical repair of tetralogy of 
faliot (TOF) in order to analyze which parameters predispose or cause for 
premature death. From 12/1958 to 6/1977 701 patients (age: 11.2 + 9.2 
years; range 0-56 years; 44°/= female) had a correction of their TOF at 
our institution; 140/o (n = 116) were lust te follow-up. One previous palliative 
operation had 33.6% of the patients; 2.6% had two and 0.1% three. In the 
operative pedod 124 patients (250/0) died in the first year after surgical repair. 
These patients were excluded for further statistical analysis. Actuarial 10, 
20, 30 and 36 years sun, heal was 97%, 94%, 91% and 91% respectively. 
Univadate correlates of survival in the remaining 447 patients were use of 
a pulmonary outflow patch (n = 95; p = 0.0004), cardio-putmonary bypass 
time (operations using venthcutar fibdllation; p < 0.0001), age (p < 0.0001; 
lowest dsk between 6 and 20 years) and date of operation (better outcome of 
patients operated in the 19701as; p = 0.026); multivariate correlates in a Cox 
regression model were only bypass time (p = 0,035) and use of a puimonmy 
outflow patch (p .~ 0.030). Patients with a bypass time below 40 rain 
no pulmonary outflow patch (n = 128) had a 36 years actuarial survival of 
96% with only 1 death at 25 years after the operation and reached normal 
life expectancy. Ischemlc damage during the operation in these chronically 
hypoxic hearts (average age in this historical group above 10 years) And 
pulmonary insufficiency due to an outflow patch are the most important 
factors influencing the excellent long-term outcome after surgical repair of 
TOF. 
~ 5 ~  Long Term Benefit of  Pulmonary Valve 
Replacement for  Progressive Pulmonary 
Insuff ic iency After Repair o f  Tetralogy o f  Fagot 
Ravi Mandapati, Rae-Ellen W. Kevey, Craig J. Byrum, Frank C. Smith, 
Daniel A. Kvesel ~ ', Winston E. Gaum. SUNY Health Science Center, 
Syracuse, New ': urk 
Pulmonary valve replacement (PVR) is frequently considered for pts with 
progressive pulmonary insufficiency (PI) and severe fight venthcular (RV) 
dilation after repair of Tetralogy of Fallet. Short term benefit has been docu- 
mented but long term results remain unclear especially in light of reports of 
xenogratts requidng m-replacement for valve degeneration and/or stanusis. 
To evaluate the long term response to PVR in this setting, we reviewed the 
results of a group of 12 lots who have been followed prospectively for now a 
moan of 10 yrs alter PVR. Mean age at Tetralogy repair was 6.6 yra (range: 
3,5 to 10 yrs). In each pt, the decision to proceed to PVR was based on 
progressive RV dilation on echcoerd~graplty, plus new onset of tricuspid 
insufficiency in 3 of 12 and etenosis and iusulfidency of a previously placed 
conduit in ". Mean age at PVR was 14.3 yrs (range: 8.5 to 21 yre). Preoper- 
ative, 2 ;  J 10 yr post-operative findings on echocardmgraphy, chest x-ray, 
and Holter monitoring are shown below: 
Pre-op (n - 12) 2ympost (n = 12) 10 ympost (n = 10) # 
Echo RV/LV 1.02±0.25 0.74,0.14" 0.79±0.17' 
c/r Ratio 0.59 ± 0.0~ 0.55 ± 0.02" 0.54 ± 0.05" 
Holter,'Gr 4 VPCs 3/12 3/12 3/10 
p < 0.01 compared with pre-op. 
Two pts domonslmted pmg.mssive stenosis and insueiciency of the conduit valves at 5 
yls after PVR and had a second PVR pedormecl with again reductlan i  RV size. N 10 yrs 
after their original PVR, the echo, x-my and holier findings in these two pts do not differ 
from those of the group at large. 
These study findings indicate objecthm ,mprevernent in RV size late after 
PVR for progressive PI post repair of Tetmfugy of Fallot. 
~ Pulmonary Artery Stennsla in Infant Repairs of  
Tetralogy of  Fagot 
David J. Barton, Robert K. Lamb, Piers E, F. Daubeney, Barry R. Keeton, 
Anthony P. Salmon, James L Monm. Wessex Cardiothoracic Centre, 
Southamplon, UK 
Controversy continues over the repair of Tetralogy of [=allot (TOF) in the first 
year of life where undersized pulmonary arteries (PA) may lead to higher rate 
of transannular patching and subsequent PA stenoses. A lower mortality rate 
